Introduction
Female labor force participation has increased markedly over the past couple of decades, as have the number of women who enter retirement single (Munnell et al. 2017) , so many working women today will be claiming Social Security benefits earned on their own earnings histories. However, family situations that occur over the years still impact women's lifetime earnings and subsequently their retirement security. While women have shifted their focus to market production, they often still take on the majority of the child care responsibilities.
Women's earnings take a substantial and long-lasting hit when they first become mothers and additional hits after having subsequent children, due to more time out of the work force, a higher cost of searching for a job, and poor job match quality (Mincer and Polachek 1974; Budig and England 2001; Lundberg and Rose 2002; Loughran and Zissimopoulos 2009; Herr 2016) .
If motherhood lowers earnings, and these losses are not made up later, then having children could give rise to a career's worth of lower annual earnings, which would result in significantly smaller Social Security checks. But most of the literature has tended to focus on reductions in women's earnings only in the years in which their children are young.
1 As a result, the extent to which motherhood is associated with lower earnings throughout their entire working lives is not well understood. Furthermore, even if mothers' lifetime earnings are much lower, Social Security benefits may not be, as the system compensates any person who has lower earnings with a progressive benefit formula that lets them keep a higher share of their earnings the less that they earn. The Social Security system also makes spousal benefits available for those who were married for 10 years or more. To fill this gap in the literature, this paper studies the relationship between motherhood, lifetime earnings, and Social Security benefits.
This paper uses data from the Health and Retirement Study linked to the U.S. Social
Security Administration (SSA) earnings records to measure the association between lifetime earnings and motherhood among women born between 1931 and 1959. The study also analyzes the ultimate difference in Social Security income at age 62 (when benefits are first available) between non-mothers and mothers, and also among mothers grouped by their number of children, to determine the extent to which the Social Security system -through spousal benefits and progressivity -decreases the motherhood penalty.
The results indicate that, all else equal, mothers with one child have 28 percent lower lifetime earnings than non-mothers, and each additional child is associated with 3 percent lower earnings. For example, a woman with two children would earn 31 percent less over her career than a childless woman. The differences in Social Security benefits are smaller than the gap in career earnings, however: 16 percent less goes to mothers with one child compared to nonmothers, plus about 2 percent for each additional child. However, the results of a comparison among women without spousal benefits shows that the mothers receive significantly lower Social Security benefits.
The paper proceeds as follows. The next section reviews the literature on the labor market effects of motherhood. The third section describes the HRS data, the SSA's earnings records, and the econometric strategy used in this study. The fourth section provides the results.
The final section concludes that the Social Security system reduces the motherhood earnings penalty but still leaves women who receive only their own benefits worse off, and that the decline of spousal benefits may justify efforts to compensate mothers for their earnings losses.
Background
While the Social Security system does not explicitly compensate caregivers for time spent out of the labor force, the program has two features that can lessen the reduction in benefits due to mothers' lost earnings: 1) the spousal benefit; and 2) the progressive benefit formula. The Social Security spousal benefit, introduced in 1939, allows people who were married at least 10 years to claim benefits on their spouse's (or ex-spouse's) record equal to one-half of the Primary Insurance Amount (PIA) of the higher-earning spouse, usually the husband.
2 If the spousal benefit is claimed before the lower-earning spouse reaches her Full Retirement Age, her benefit is reduced. If the individual is eligible for Social Security benefits on her own earnings record, she will receive the higher of the two benefits. In that case, that individual is considered to be "dually entitled," receiving the benefits earned based on her own work history and being "topped up" so that her benefit reaches 50 percent of her spouse's benefits.
2 The first step in calculating a worker's PIA is the Average Indexed Monthly Earnings (AIME). The AIME is calculated as the average of the 35 highest years of annual earnings, adjusted for wage inflation (and divided by 12 to present a monthly amount). If a worker has worked fewer than 35 years, the remaining years are set to zero. Replacing a zero in one's work history can therefore increase the PIA substantially (Rutledge and Lindner 2016) . The AIME is then converted into the PIA using a progressive formula, which assures that low earners' benefits represent a greater share of their earnings. Finally, benefits are reduced for claiming before the Full Retirement Age (FRA), or increased for claiming thereafter.
Increasingly, however, women are receiving Social Security benefits solely based on their own earnings records, rather than receiving spousal benefits. In the last several decades, female labor force participation has increased remarkably, as has the share of women reaching retirement without having been married for at least 10 years (Wu et al. 2013) . These changes mean women are less likely to receive spousal benefits today. The fact that their earnings are lower due to having children could be mitigated somewhat by the progressivity of the program's benefit formula, though probably to a lesser extent than the spousal benefit.
The trend away from spousal benefits makes obtaining an accurate measure of the effects of motherhood on lifetime earnings ever more important. It has been well established that women's earnings decrease when they become mothers (e.g. Korenman and Neumark 1992; Waldfogel 1997; Budig and England 2002; Avellar and Smock 2003) . 3 Overall, the motherhood earnings penalty has been related to less educational attainment, more time out of the work force, a higher cost of searching for a job, and poor job match quality (Budig and England 2001; Lundberg and Rose 2002; Wilde, Batchelder, and Ellwood 2010; Miller 2011; Miller 2013; Herr 2016 ). However, most of these studies have focused on earnings during women's childbearing and child-rearing years, while relatively few have studied their earnings in mid-to late career.
An exception is Kahn et al. (2014) , which finds that that while most mothers are able to close the earnings gap by the time they reach their 40s and 50s, those with more than three children do not.
Of course, the number of children is also an important determinant of the motherhood earnings gap. Most studies find that after the initial penalty for becoming a mother, each additional child reduces earnings further (Korenman and Neumark 1992; Waldfogel 1997; Budig and England 2001; Wilde, Batchelder, and Ellwood 2010; Kahn 2014) . 4 Recent generations of mothers have had fewer children (Mathews and Hamilton 2002; Mathews and Hamilton 2016) , so they may experience less of an impact on their career earnings. The literature also indicates that the timing of birth matters -compared to women who delay motherhood, younger mothers have lower contemporaneous earnings due to lower educational attainment, less on-the-job experience (prior to childbearing), and higher transaction costs from the job search (Miller 2011; Miller 2013; Wild, Batchelder, and Ellwood 2010) . Because women from later cohorts have children at older ages, some specifications of the analysis discussed below incorporate the timing of the woman's first birth.
Data and Methodology
The analysis uses the 1992-2014 waves of the Health and Retirement Study (HRS), a longitudinal dataset that surveys people ages 50 or older every two years about their labor market outcomes, public benefit receipt, family structure, and other relevant characteristics. The publicuse HRS is linked to SSA's administrative earnings records to provide accurate information on mothers' earnings histories and potential Social Security income.
The sample includes women born in 1931-1959. The sample is limited to women who were childless or who had biological children; women who were stepmothers without their own biological children, or whose relationships with their children were all unknown, are excluded.
The sample also excludes women who were married for 10 or more years but divorced before entering the HRS, because their spousal benefits (and, therefore, their final Social Security income) are unknown. The sample also excludes widows, whose Social Security benefits are usually unrelated to their own earnings. 5 Finally, the sample excludes any women who report receiving Social Security Disability Insurance at any point or Supplemental Security Income before age 62; receipt of either disability benefit indicates mothers had an early end to their careers for health reasons, which may not be connected to their fertility history.
The first outcome of interest is a woman's lifetime earnings as measured by her Average Indexed Monthly Earnings (AIME) -how much she earned (wages earned below age 60 are indexed to the average wages in the year she turned 60) in the average month. The AIME is calculated for her top 35 years of real earnings using data from the Social Security summary earnings records, which report her annual earnings in each year from 1951-2013. Because the birth cohorts range so widely, including years of earnings at age 62 or later would exaggerate the 5 Other outliers are also removed, including women whose first births were over age 35 or under 15, and those who report having more than 17 children. The sample also excludes any respondent who enters the HRS at age 63 or older. Women who entered the sample in 2014 were also excluded because the RAND family files are updated only through 2012, and women whose reports of births are inconsistent between the RAND core and family files are also dropped.
differences between older and younger cohorts. To ameliorate this bias, the study calculates the AIME using earnings up through age 61, or her last year in the survey.
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A second outcome of interest is the Social Security income a woman can draw from her or her spouse's earnings histories. Limiting the AIME calculation through age 61 implicitly assumes that each woman claims at 62; the analysis accounts for the actuarial adjustment she would face by claiming at that age. Although Social Security benefits are calculated using the AIME, the benefit level itself is still of interest for two reasons. First, a large -but decliningshare of women in these cohorts receive spousal benefits, eliminating the reliance of their benefit on their own earnings' history. 7 Second, for women who do rely on their own Social Security benefits, the formula is progressive, shrinking the difference in retirement income between highand low-earners over their careers. The analysis using Social Security income assigns the woman the maximum of the benefit she would get based on either her spouse's earnings history or her own earnings history.
To better ensure that differences among women in lifetime earnings and Social Security income are not simply the result of differences in their personal characteristics, the project estimates linear regression models that control for their observable differences. The sample includes one observation per mother, where the dependent variable is her AIME or Social Security benefit earned by the end of her time in the sample.
8
The key independent variables in the regressions are two measures of fertility: 1) whether the woman is a mother; and 2) her total number of children. These variables are constructed using the RAND HRS family files, which report each child's birth year and relationship to the 6 Because some women, especially in more recent cohorts, do not reach age 61 in the earnings file, the AIME -and the corresponding potential Social Security benefit -are prorated. Rather than average over 35 years of earnings, the average is taken over her maximum age minus 26 years, up to 35 years; for example, a woman who only reaches age 55 in the earnings file will have her AIME calculated over her top 55 -26 = 29 years, so as to not penalize her for years of earnings she has not had the opportunity to accumulate. 7 Technically, spousal benefits top off any benefit the lower-earning spouse accumulates on her own record, but either way she ends up with the greater of her own benefit or one-half of her spouse's Primary Insurance Amount. Her benefit is not based on when he claimed his own benefit, but individuals can only receive spousal benefits if the primary earner has claimed his benefit. Some primary-earning husbands are younger, but the analysis aims to account for the spousal benefit the lower-earning wife would have accrued, so it assumes that the spousal benefit is nonetheless available to her when she reaches age 62. 8 Each regression is also estimated using the natural logarithm of AIME or the Social Security benefit. The results are similar in sign and statistical significance, though the magnitudes are larger than previous estimates of the motherhood earnings penalty. These results are available upon request.
HRS respondent. 9 The findings in the literature suggest that the signs on the motherhood and number of children coefficients are negative: mothers earn less than non-mothers, and each additional child is associated with further earnings declines. In all cases, the coefficient in the Social Security benefit regressions are expected to be smaller, in part because Social Security replacement rates are less than one. But the decrease in magnitude between the earnings and Social Security regressions also reflects the extent to which the Social Security system -through spousal benefits and progressivity -reduces the motherhood penalty.
One important aspect worth extended discussion is a woman's own education, which is included as a control even though educational attainment is also a pathway through which motherhood may affect lifetime earnings. By controlling for the woman's education, the coefficient on any of the fertility variables would not reflect that a mother may have received less education because of when and how often she had children. This endogeneity would suggest a woman's own education should not be included. However, education is an important proxy for job prospects and other measures of personal stability; therefore, the analysis presents the results with the woman's own education.
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The regression models also control for other characteristics directly related to career earnings. As discussed above, the literature has established that a mother's age at the time of her first child's birth affects contemporaneous earnings, and more recent generations of women have delayed their first births; therefore, the study estimates a separate model among mothers that includes a control for the age at first birth. The controls also include race (black vs.
Hispanic/other race, with white as the omitted category); marital status at either age 62 or her last year in the survey (never married vs. separated/divorced, with currently married as the omitted 9 The child's relationship status is either the respondent's own biological child, stepchild, or a child of indeterminate status. Stepchildren are excluded because the stepmother likely did not reduce her labor force participation when that child was born. Children of indeterminate status are included if their personal information (such as gender and birth year) and relationship status with the respondent throughout their time in the sample was consistent. If some of these children are not biological children in reality, including them understates the difference between mothers with a small number of children and mothers with a larger number of children. Therefore, the results shown in this paper are, if anything, understating the true relationship between the number of children and lifetime earnings or Social Security benefits. 10 Results without the education control are available upon request, but are qualitatively similar. Each regression was also estimated with an alternative control for education: an indicator for whether the woman attained more education than her parents (whichever parent was better educated). This variable can be seen as a proxy for own education: it is more likely to be true if she gets more education, but is not so directly tied to her fertility experience, so it may be less endogenous than controlling for her own education directly. The estimates in the specifications that used this proxy had coefficients that were usually halfway in between the no-education and with-education specifications and are also available on request. category); an indicator for having ever reported a work-limiting health condition; an indicator for having resident children when the woman is age 62 (or her last year in the survey); and categorical indicators for the woman's birth cohort. The controls also include variables intended to account for the woman's socioeconomic background, which may affect her fertility history, including indicators for whether she grew up in a rural environment, whether she reports that religion is important to her, and categorical variables for her mother's education.
Even more generally than the endogeneity of education's relationship with motherhood, the endogeneity of motherhood itself is a concern in interpreting the results. For example, if women with lower earnings prospects are more likely to become mothers and tend to have larger families, but those earnings prospects are not properly accounted for, the current regression analysis would overstate motherhood's negative effect on lifetime earnings. The results in this paper, therefore, should be interpreted as the association between motherhood and lifetime earnings or Social Security benefits. A causal estimate is necessary to determine the true motherhood penalty, but since little is known about these associations in the existing literature, providing information about them contributes to the research and policy community's understanding of mothers' long-run well-being.
Results
This section first presents the raw differences in AIME and Social Security benefits without adjusting (as in the regression) for differences between mothers and non-mothers overall and by cohort, and then presents the regression results. Table 1 shows that the median AIME is substantially lower for mothers compared to nonmothers, and that it is lower the more children she has. Non-mothers in the HRS sample have a median AIME of nearly $3,900 per month, while mothers' median AIME is about $1,400 (60 percent less); this difference should be interpreted with caution, since non-mothers account for only 7 percent of the sample. The differences based on their number of children are also large: mothers with two children earn 30 percent less in their average month than women with one child, and women with three or more children earn almost 60 percent less.
Unadjusted Differences in Lifetime Earnings and Social Security Benefits
The right column of Table 1 shows that the progressive nature of Social Security benefits and the availability of spousal benefits help reduce the gaps between women with and without children, and between mothers with smaller and larger families. Even though the median mother earns 63 percent less than childless women, her Social Security benefit is only 40 percent lower.
Similarly, compared to women with one child, median Social Security benefits are only 13 percent lower for women with two children, and 26 percent lower for women with three or more children, compared to respective differences of 30 percent and 59 percent in AIME. Figure 1 shows that the motherhood earnings penalty, relative to non-mothers, appears to be large but consistent across cohorts. Among mothers, the gap between women with one or two children and those with three or more has also remained about the same. Consistent with Table   1 , Figure 2 shows smaller differences in Social Security benefits by fertility outcomes across cohorts than in AIME. The difference between women with and without children is also roughly constant over time. Table 2 shows the estimates from the regression of AIME (first two columns) and Social Security benefits (latter two columns) on the motherhood variables and other personal characteristics among all women. The results in the first and third columns only include a motherhood indicator, while the second and fourth columns also include a control for the number of children. Full results are available in Appendix Table A1 .
Differences in Earnings and Social Security Benefits across Birth Cohorts

Regression Estimates of Motherhood on Career Earnings and Social Security Benefits
The results in the first column of Table 2 confirm the earlier unadjusted evidence that, even after controlling for differences between mothers and childless women, motherhood is associated with substantially lower lifetime earnings. Mothers' lifetime earnings are $1,278 less per month than the earnings of childless women -or 33 percent of the childless women's median earnings of $3,850 (Table 1 ). The second column includes a control for the number of children, so the relevant comparison is between a non-mother and a mother with one child. That comparison requires adding together the first two coefficients; the sum indicates that mothers with one child earn $1,090 less, or 28 percent of the non-mothers' median earnings. 11 The results indicate that the earnings loss associated with having the first child (and simply becoming a mother) is much larger than any subsequent child; those later children each reduce the AIME further by $132, or 3.4 percent of the non-mothers' median. 12 This estimate for the additional per-child reduction is in line with the prior literature on the effects of children on earnings at specific points in a woman's career.
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The right two columns of Table 2 indicate that the results are qualitatively similar for Social Security benefits, though smaller in magnitude -being a mother and having a greater number of children are both associated with lower benefits. The smaller difference between nonmothers and mothers is due in part to spousal benefits and in part to the progressive nature of Social Security benefits. Relative to non-mothers, mothers receive $250 less per month from Social Security (19 percent of the median benefits for childless women, $1,301 in Table 1 ) in models that do not control for the number of children. The sum of the first two coefficients in the fourth column indicates that mothers with just one child receive $209, or 16 percent less than non-mothers. Each additional child is associated with monthly benefits that are $29 lower, or 2.2 percent of non-mothers' median benefits. All of these estimates are statistically significant, but the magnitudes are markedly smaller than the AIME estimates in Table 2 .
The dollar estimates of the effect of motherhood on Social Security income are smaller than the AIME estimates, in part, because Social Security's replacement rate is less than 100 percent. Beyond that, progressivity and spousal benefits reduce the absolute level of the 11 The estimated 28-percent gap between non-mothers and mothers with one child is somewhat large compared to the literature, even though they are in line with findings of significantly slower wage growth among high achieving mothers (Wilde, Batchelder, and Ellwood 2010) . But our large estimate could be due to the small sample size of non-mothers. 12 Other estimates in the regressions largely fit expectations. Women of Hispanic origin, those who have had previous health limitations, those who lived in rural areas, and those who find religion very important have lower lifetime earnings. Divorced women earn substantially more than women who are continuously married, as found in previous studies (e.g., Tamborini, Couch, and Reznik 2015) . Among mothers, black women have higher lifetime earnings than white women, which is in line findings that labor force participation rates are higher for black women with children under 18 (BLS 2007). 13 Korenman and Neumark (1992) find that, after controlling for education, wages are 4-5 percent lower for mothers with one child, and 7-18 percent lower for mothers with two or more children. Waldfogel (1997) finds that one child lowers wages by 1.8-6.4 percent, and two or more children lowers wages by 2-11 percent. Wilde, Batchelder, and Ellwood (2010) find 2-7 percent lower wages for each child after the first. Herr (2016) estimates per-child effects ranging from 1-6 percent. Kahn (2014) finds that women with 3 or more children earn 4 percent less per child in their 50s. Our estimates are reported as a percentage of the median for non-mothers, but could instead be evaluated relative to the median of mothers with just one child; in that case, the per-child earning penalty of additional children is 5.3 percent instead of 3.4 percent.
motherhood penalty further. The ratio of the estimates (relative to median AIME and Social Security benefits) is a way to account for how the Social Security system reduces the motherhood penalty. The results suggest the gap between non-mothers' and mothers' AIMEs is 33 percent of the non-mothers' median, while the gap is only 19 percent for Social Security benefits, a reduction of 42 percent. Results are similar when comparing the reduction in the difference between childless women and mothers with one child (43 percent). The per-child penalty is reduced from 3.4 percent to 2.2 percent, or by 36 percent. Table 3 presents separate estimates from the subsample of women who have had children. These estimates are separated for two reasons. First, the sample of non-mothers is small -especially among spousal beneficiaries (shown separately in Table 4 ) -so presenting separate results checks whether this group adds noise to the main estimates. Second, limiting the sample to mothers allows for more easily controlling for the woman's age at first birth, which is shown in the second and fourth columns.
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Regression Results for Mothers Only
The first two columns of Table 3 show a similar per-child earnings penalty ($154-$159) to the one estimated for earnings in Table 2 ($132) 15 The per-child Social Security benefit reduction in the third and fourth columns ($32-$34) is also similar to the estimate in Table 2 ($29). This indicates that the results are not altered by having a small group of non-mothers and by the non-linearity apparent in the difference between having one's first child and having one's second child. Furthermore, the results are similar when controlling for the age at first birth, which itself has only a small and statistically insignificant relationship with AIME and Social Security benefits (in large part because the model controls for education).
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Results by Type of Social Security Benefit
The above results suggest that women face an earnings penalty for becoming a mother and having additional children and that the Social Security system reduces this penalty by about 40 percent. The results in Table 4 split the sample between those receiving only their own benefits (first two columns) and those receiving spousal benefits (third column). These results indicate that spousal benefits essentially close the per-child gap in Social Security benefits. On the other hand, while the group receiving their own benefits are helped by the progressive benefit formula, mothers do fare worse.
The first column of the top panel of Table 4 shows that, all else equal, mothers who do not receive spousal benefits have earnings that are $1,026 lower, or 27 percent less, than nonmothers' median earnings. In the bottom panel, their Social Security benefits are only $222, or 17 percent, less than non-mothers, a reduction in the motherhood penalty of 36 percent. Because this group does not receive spousal benefits, these reductions are due entirely to the progressivity of the benefit formula.
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The remainder of Table 4 shows results comparing only mothers, because only about 40 women in the spousal beneficiary group are non-mothers. Among mothers with no spousal benefits, earnings are $132 lower per child, or 3.4 percent of mothers' median earnings. Their Social Security benefits are $37 lower, or 2.8 percent of the median, which means that progressivity reduces the per-child penalty by only 17 percent for mothers who do not get spousal benefits.
Spousal beneficiaries, on the other hand, have a much smaller per-child loss of AIME:
only $22, or 0.6 percent of the median AIME, though it is still statistically significant. The smaller association between motherhood and earnings among spousal beneficiaries could indicate that these women spent large portions of their prime ages not working, in most cases as stay-at-home mothers. Their per-child difference in Social Security benefits is even smaller:
only $4 per month, or 0.3 percent of non-mothers' median benefits. The per-child penalty relative to the non-mother's median, therefore, falls by 44 percent. This result is entirely due to 17 The results are similar when splitting the group not receiving spousal benefits into: a) those who were never married for at least ten years, so they were not eligible for spousal benefits; and b) were married for ten or more years so that they were eligible for spousal benefits, but who received a greater benefit from their own record. We also split the latter group between those who were continuously married vs. those who divorced after ten years of marriage, and the per-child earnings penalty -and the Social Security system's reduction of that penalty -were very similar.
spousal benefits, because their benefit does not depend on applying the progressive benefit formula to their own earnings. 18 Women receiving spousal benefits, therefore, have only a small per-child penalty. However, with spousal benefits in decline -46 percent receive them in the 1931-1933 cohort but only 24 percent in the 1954-1959 cohort -this aspect of the Social Security system will do less to reduce the motherhood penalty going forward.
Conclusion
The results from this study suggest that motherhood substantially reduces lifetime earnings, compared with non-mothers, and that having more children is associated with even larger reductions. The prior literature indicates that mothers earn less while raising children; the contribution of this study to that literature is the finding that mothers are not able to make up for this earnings penalty by the time that they become eligible for Social Security benefits. At that point, however, the Social Security system ensures that mothers do not face a gap in retirement income fully commensurate with their lower earnings. The gaps between the Social Security benefits received by mothers and non-mothers, or between women with different numbers of children, while still considerable, are about 40 percent smaller than the gaps in their earnings.
Among spousal beneficiaries, the difference in Social Security benefits when comparing mothers by their number of children is very small, which indicates that spousal benefits play an important role in reducing the gap. But the decreasing share of women receiving spousal benefits means that, if mothers continue to earn lower wages over their careers, they will see even lower Social Security income going forward.
These estimates are subject to some caveats. Due to the existence of younger birth cohorts in the study sample, the current results have focused on how AIMEs differ up to age 62, but mothers may compensate for lost earnings by extending their careers. Prior studies have found evidence that mothers with more children retire later (Pienta 1999; Chung 2010) , and the current estimates may overstate the ultimate differences in Social Security benefits between mothers with many versus few children. The current results also cannot be interpreted as the causal effects of motherhood because of concerns about the endogeneity of motherhood. Notes: Social Security benefits are in 2014 dollars. Each model also includes birth cohort dummies and indicator variables for women with missing information regarding: their mother's education, growing up in a rural area, health limitations, the importance of religion, and her years of education. Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1. Source: Health and Retirement Study, 1992-2014. 
